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Tab. 1 Sequences of primers used in the study

(539 T/ C /bp cDNA ( )/bp
primer sequence (5'-3") annealing temperature product length location in cDNA (region)
GPHIF GACGAGAAGGAAGCAGA 61 296 1-296 (5'-UTR+Exon)
GPHIR TGGGTCCTTCTCATAGTAA
GPH2F TGTCATAGATTGGCCTTG 52 197 400-584 (Exon)

GPH2R AACTACCTGCCAACCATC
GPH3F AAATATCTGTTGTAGGTGGC 63 256 1054-1296 (Exon)
GPH3R CCTGGAGGAAGTTGTGG
GPH4F GCAGGCAGAATGCGACG 65 138 1323-1460 (Exon)
GPH4R CGTTTCGCTCTTGATGAT
GPHS5F CCGTGAGTTTTACGAGAT 63 212 1463-1674 (Exon)
GPHS5R GTTTGACTTTGATGATGTTCC
GPH6F ACAGGAAAACAAAATGAAG 56 164 1673-1836 (Exon)
GPH6R CACGCTTGAGGCGGTTG
GPH7F GCAGCTCCTGGCTATCA 61 202 1884-2085 (Exon)
GPH7R TTCCAGAAGCCTCGGT
GPHSF GATCCTCTGCAATGGGC 65 475 2436-2910 (Exon+3'-UTR)
GPHSR TAAAAATGCTTAGACCAGGAC
Y o . F , 1598 bp 63 SNPs
, ; G , 292 bp  3'-UTR 18  SNPs
; e SASO9.1 T1747A  T1966C ,
GLM ’ (Phe™ Ty r1747)
(1161966 Thrl966)
Bonferroni )
SNPs , , 26
152 SNP SNPs 10 100%
PHASE 2.1 SNPs 2.2 Cg-GPH SNPs
GLM , Cg-GPH SNP 5 Cg-GPH SNPs ( 2
: GLM
Y=p+H+e ( 2), , T119C CC
, Y vl ; H CT (P<0.05),
, ; e Al1139G AG
GG (P<0.05) T470A AT
2 4
2.1 SNPs TT (P<0.05),
8 DNA (P<0.01),
Cg-GPH cDNA (GenBank (P>0.05)
AY496065) 1 940 bp, 82  SNPs A2798G AG

( 1), 50 bp 5-UTR 1 SNPs 3
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75

150

225

300

375

450

525

600
675
750
825
900
975
1050

1125

1200

1275

1350

1425

1500

1575

1650

1725

1800

1875
1950

2025

2100
2175

2250
2325
2400
2475
2550

gacgagaaggaagcagacagccaaagaagtagatttcgtgcatcggaaccATGGCCACTTATAAACCCACAACT
A

GACCACGAGAAGCGAAAGCAAATCAGTATTCGTGGTATTGCTCCTGTGGAAAATGTTGTCGAATTCAAAAAGGCT
T C C G

TTTAATCGCCATTTGCATTACACGATTGTGAAAGATAGAAATGTGGCGACACCGCGAGACTACTACCTCTCTCTT

GCCCGCACCGTGCGAGACTATTTGGTGGGGCGTTGGATCCGTACCCAGCAGCATTACTATGAGAAGGACCCAAAG
C
AGAGTGTACTATCTGTCCCTGGAGTTTTACATGGGCAGGACCCTGTCCAACACCATGGTGAACCTGGGCATTCAG

AGCGCCTGCGATGAGGCCCTCTATCAGATTGGCCTTGACATTGAGGAGTTGGAGGAGATTGAGGAGGATGCTGGT
CTGGGTAATGGAGGACTGGGICGQCTGGCAGCCTGCTTECTIGACTCCATGGCAACGCTgGGACTQGCAGCATAT
GGATATGGTATCAGATACGAéTA?GGAATCTTTGCCCAGAAEATTGAAQATGGTTGGCAGGTTGAéGAiCCTGAT
GAGTGGCTGAGATATGGAAATCCATGGGAGAAGTCGAGACCAGAGTACETACTACCGGTCAACTTCTATGGACGG

ACAGAGGACACTGGCTCGGGGGTCAAGTGGGTGGACACTCAGGTTGTGTTTGCGATGCCCTTTGACAGTCCTATA
CCAGGGTACGGCAACAACACTGTCAACACCATGCGTCTGTGGTCAGCTAAAGCTCCCAACAGCTTCAATCTGCAC
TTCTTCAACAATGGCGAGTATATCAATGCTGTCTGTGACAGAAACCAGGCGGAAAACATCTCCAGAGTCCTCTAC
CCCAATGATAACTTCTTTTCTGGCAAAGAGCTCCGCCTAAAGCAGGAGTACTTCCTGGTAGCAGCCACTCTCCAG
GACATCCTCAGGAGATTCAAGTCATCCAAGTTTGGTAGTCGGGATCCGGTCCGCAGGTCCTTCGAGTCGTTTCCA

GACAAGGTGGCCATTCAGCTGAATGATACCCACCCGTCCATGGCTATCCCGGAGTTACTGAGGATCTTTGTGGAC
T T C T
GTTGAAGGACTCCCATGGGACAAGGCCTGGGGAATCACGGTGAAGACGTTCGCCTACACGAACCACACAGTCCTC
G G G A AT AT G
CCCGAGGCCTTGGAGAGGTGGCCGGTGTCCATGCTGGAGAAGATCCTTCCCCGCCACCTGCAGATTATCTACCTG
T C A AT A A
ATTAACCACAACTTCCTCCAGGAAGTAGCAAAAAAATATCCAGGTGATGCAGGCAGAATGCGACGAATGTCCATT
C C A
GTAGAGGAGGATGGAGAGAAGAGGATCAATATGGCGTATCTCAGCATCGTCGGCTCGCACGCTGTCAATGGAGTG
T T
GCAGCGTTACACTCAGAAATCATCAAGAGCGAAACGTTCCGTGAGTTTTACGAGATGTATCCAGAGCGCTTCCAA
C
AACAAAACAAACGGGATCACACCACGTCGTTGGTTGTTACTGTGCAATCCTGGACTGTCTGACATTATCGCAGAG
T G T A
AAAATCGGGGAGGAATGGGTCACAGACTTGTACCAACTACAGAATCTCAAAAAGTTTGCTGATGATGAAAACTTC
G T
CTGAGGAACATCATCAAAGTCAAACAGGAAAACAAAATGAAGTTGGCTGAGTACATCCAGGAGAACTACAACATC
C A
AAGGTCAACACGTCCTCCATCTTTGACATCCATGTCAAGCGGATCCACGAGTACAAGAGACAGCTGCTCAATTGC
A A T T C
TTCCACATCATCACGCTCTACAACCGCCTCAAGCGTGACCCAAACCAGGCCTTTGTTCCCAGGACTATCATGGTC
T
GGAGGAAAGGCAGCTCCTGGCTATCACATGGCCAAACTGATCATCAAGCTGATCAACAGTGTAGCCAAGGTCATC

AACAACGATCCAATCATCGGGGACCGTCTCAAGGTGGTGTATCTGGAGAACTACCGTGTCTCGCTGGCTGAGAAG

C A A
ATCATTCCGGCAGCTGACCTCAGCGAACAGATCTCGACAGCAGGAACCGAGGCTTCTGGAACAGGAAACATGAAG
A G T T A G G

TTCATGTTGAACGGGGCACTGACTATCGGAACTCTGGACGGTGCTAATGTAGAGATGAGAGAGGAGATGGGGGAT
GAAAATATCTTTATCTTTGGAATGAAGGTTGATGAAGTAGAGGAACTGAAGCGCAGTGGGTACCACCCACAAGAA

TACTACGAGCGTAACACGGACTTAAAGCAGGTGCTTGACCAGATCTCAAGGGGCTTCTTCTCTCCCGAGGAGCCC
GGCATGTTCACTGATATATACAACTCTGTGATGTACAACGACAGGTTCTNGCCTTCTAAAGATTATGAAGATTAC
ATCAAGTGCCAAGACAGCGTCAGTGAAGTATTCAAGGATCCTCTGCAATGGGCCAAGATGTGTGTCCTCAACATT
GCATCGTCGGTAAATTTCCAGCCGACAGAACAATTTCTGAATATGGCAAGGGACATCTGGGGGGTGGAACCCAAT
GATATTAAGCTGCCGCCCCCACACGAGGGCCTAGACTCAATGGATAGCAAACCACCACAGAAGAAATGAgatcte
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2625 agctgatagccactagaaacaatataacttttaaactttctgttgttgetttgttgtggaatttattaacatagy
C A T A G A

2700 tcttatattaaagtttagcaatattacatgtaactggatgaggagaattgcagtagagattgacatactggtgtt

CA A C A A
2775 ttagttgaagtgaaattgttgtcaggecattggacatactcagetetgtggtagecatcacattgtaageatcage

G C T A
2850 ttgtaattaatatttggetggtetgtagagecatttgacttgtectggtetaageatttttagtgettttattgat
A C

2925 gtgtcgttatgtgtgtaaatcaaactatggtattaaacagtttcattcaaaatctatataaaatttaagaaaatt
3000 tgaaaaaaaaaaaaaaaaa

1 Cg-GPH cDNA 82 SNPs

3’ 5' s . SNPs s
SNPs

Fig.1 Distribution of 82 SNPs in the Cg-GPH cDNA of Crassostrea gigas
3’ untranslated region and 5’ untranslated region are shown in lowercase letters, and coding sequences are in uppercase letters.
SNPs are underlined, and the corresponding alleles are below.
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Fig. 2 Sequences of five SNPs associated with the phenotypic traits
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2.3 Cg-GPH SNP H6 (CTGAT)
PHASE2.1 Cg-GPH (P<0.05), (44.41%1.15) g (5.95+0.17) g
SNP 7, 1% 6 4 .6
«C 3 ,
, Cg-GPH (P>0.05)
H6(CTGAT) ,
5 (P<0.05) 3
H6(CTGAT) H4(TAAAC) 5
(P>0.05) , ,
4 (P<0.01) ,

%2 Cg-GPH ERE 54 SNP EF B SKHHERKERURER S SR KIK D
Tab. 2 Association of the 5 SNP genotypes of Cg-GPH gene with growth performance and glycogen content of Crassostrea gigas

X +SE
SNPs ( ) /mm /mm /mm /g /g 1%
SNPs locus genotype(Nn) shell height shell length shell depth total weight soft-tissue weight glz/coo(igg]nvssg;?ﬂ
T119C CC (23) 77.2842.60° 4637185  26.14£1.09°  44.19+3.37° 5.74+0.48° 32.2142.34°
CT (119) 70.77£1.33°  45.14£0.95'  24.34+0.56"  36.32£1.73" 4.88+0.25" 32.17+1.20°
TT (180) 71.33£1.08°  44.91+0.77°  23.34£0.45°  36.56x1.40° 4.90+0.20° 32.86+0.97°
T470A AT (25) 773142.46°  48.60£1.74°  26.45£1.04°  45.07+3.19° 6.00£0.46° 35.2442.22°
TT (297) 71.03£0.60°  44.81£043°  23.69£0.25"  36.31x0.78° 4.86+0.11° 32.3440.54°
A1139G AA (39) 71.73+1.85"  44.27+131°  24.20£0.78"  37.54+2.40° 4.95+0.34* 30.82+1.66
AG (114) 69.13+£1.10°  44.49+0.78"  23.05£0.46"  34.37+1.42° 4.61+0.20° 32.15+0.99°
GG (169) 72974090  45.67+0.64°  24.37+038"  38.49+1.17° 5.16£0.17* 33.22+0.81°
A2798G AA (282) 723140.65"  45.49+0.46°  2425+027°  38.00+0.84° 5.09+0.12° 32.83+0.59°
AG (40) 65.73£2.33°  42.19+1.65*  21.41£0.98°  29.53+3.02° 3.94+0.43° 30.59+2.10°
T2804C CT (26) 77.5742.44°  48.13£1.73"  26.52+£1.02°  44.77+3.16° 6.01£0.45° 34.62+2.20°
TT (296) 70.99+0.61°  44.83+0.43*  23.68+£0.25°  36.30+0.78" 4.86+0.11° 32.38+0.55"
SNPs (P<0.05).

Note: Trait values of every SNPs with different superscript letters within a column are significantly different at 0.05 level.

% 3 Cg-GPH E[E 6 1~ SNP B {E8 5K R4 KRB X 2 7
Tab. 3 Association of 6 SNP haplotypes of Cg-GPH gene with growth performance of Crassostrea gigas
X £SE

SNPs SNPs locus ( ) /mm /mm /mm /g &

soft-tissue

haplotype T119C T470A Al1139G A2798G T2804C frequency(n)  shell height  shell length shell depth total weight weight
HI T T A A T 16.40% (107) 69.45+1.00° 43.88+0.71"° 23.19+0.43®  3551+134°  4.82+0.19°
H2 T T A G T 5.22% (40)  68.57+£1.64° 41.26+1.17° 21.20£0.70°  26.31+2.19°  3.50+£0.31°
H3 T T G A T 48.95% (307) 71.03+0.59" 45.17+0.42™ 23.64+0.25°  35.78+0.79"  4.81%0.11°
H4 T A A A C 3.75% (25)  75.06£2.07" 44.92+1.47" 24.02+0.88™ 35.08+2.77"  4.66+0.40"°
H5 C T A A T 3.18% (19)  71.53+2.37" 43.26+1.69"™ 23.30+1.01° 31.37+3.18°  4.19+0.46™
H6 C T G A T 21.23% (145) 74.44+0.86° 47.17£0.61° 25.64+037°  44.41+1.15°  5.95+0.17°
(P<0.05).

Note: Values with different superscript letters within a column are significantly different at 0.05 level.
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Single nucleotide polymorphisms in glycogen phosphorylase gene and
their association with growth performance and glycogen content in
Pacific oyster Crassostrea gigas

LIU Siwei, LI Qi, YU Hong, KONG Lingfeng

Key Laboratory of Mariculture, Ministry of Education, OceanUniversity of China, Qingdao 266003, China

Abstract: Glycogen phosphorylase plays a key role in the metabolism of glycogen, a molecule critical for the
growth and development of oysters. We evaluated the effect of polymorphisms in the Crassostrea gigas glycogen
phosphorylase gene (Cg-GPH) on growth and glycogen content. We tested the association between single nucleo-
tide polymorphisms (SNPs) in coding regions of the gene and growth performance (shell height, shell length, shell
depth, total weight and soft-tissue weight) and glycogen content using 322 oysters from five full-sib families. We
identified 82 SNPs in the 1 940 bp Cg-GPH gene, including 63 SNPs in the exon region, one SNP locus located in
the 5'-UTR, and 18 SNPs in the 3'-UTR. The average density of SNPs in the coding region was one per 25 bp. Five
SNPs were significantly associated with growth performance (P<0.05), but there was no association between the
SNPs and glycogen content. Furthermore, among the six SNP haplotypes constructed using the five SNPs above,
the total weight of the individuals with haplotype H6 (CTGAT) of Cg-GPH was significantly higher than those
with the other five haplotypes(P<0.05), suggesting this haplotype may be the most advantageous in terms of
weight gain in C.gigas. Our results provide basic information for future genetic improvement of growth perform-
ance in C.gigas.
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